THE ACCUMULATION OF ELECTROLYTES : III. BEHAVIOR OF SODIUM, POTASSIUM, AND AMMONIUM IN VALONIA by Jacques, A. G. & Osterhout, W. J. V.
THE  ACCUMULATION  OF ELECTROLYTES 
III.  BEHAVlOI~  OF  SODIUM,  POTASSIUm,  A~D  AMMONIUM  IN  VALONIA 
BY  A.  G.  JACQUES  AI~D W.  J.  V.  OSTERHOUT 
(From the Laboratories  of The Rockefeller Institute for Medical Research) 
(Accepted for publication,  August  1, 1930) 
As  stated 1 elsewhere,  we  should  theoretically  expect  that  when 
NI-I3 enters the cell and raises the pH value of the sap beyond a certain 
point K  may come out while Na continues to go in. 
Experiments  carried  out  by  Dr.  Cooper  and  the  senior  author* 
showed that the entrance of NH3 was accompanied by the exit of K 
but the behavior of Na was left uncertain.  It was not realized at that 
time that the K  +  Na ratio in the sap could be so easily affected by 
external conditions, e.g., by handling the cells or by changing the sea 
water or by illumination.  But in the present experiments conclusive 
results have been secured by controlling the conditions more carefully, 
e.g., by keeping the cells continuously in running sea water,  8 avoiding 
the  handling  during  the  experiment  and  taking  care  that  in  each 
experiment all the cells were equally illuminated. 
The effect of light is important since a moderate amount of illumination  (but 
not direct sunlight)  promotes growth. 2  For example,  when cells were kept side 
by side in ordinary sea water in the open but not in direct sunlight,  one lot in a 
glass container gained 13 per cent in 20 days but those in a similar container which 
was  painted black outside made no gain.  4  Under natural  conditions  the  cells 
grow in  clumps  several layers thick and  the illumination  therefore varies from 
10sterhout, W. J. V., Y. Gen. Physiol., 1930-31, 14, 285. 
2 Cooper, Win. C., Jr., and Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 14, 
117.  For effects of light on absorption in Nitella see Hoagland, D. R., and Davis, 
A. R., J. Gen. Physiol., 1923-24, 6, 47. 
3 Brooks,  S.  C.,  (Protoplasma,  1929, 8,  389) states that the K  +  Na ratio is 
increased  by increase  or decrease  of the normal amount of K  in the sea water. 
4 The difference in temperature in the two tubes was probably small. 
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layer to layer, so that we should anticipate marked variations in a group of cells 
collected at one time and place. 
To this variation in the natural state we must add the possibility of changes 
brought ~tbout by handling.  Blinks  5 has  shown that in  Valonia  ventricosa  and 
Nitella the direct current resistance is reduced to a very low value by mechanical 
shock, and that even handling is sufficient to produce marked effects which may 
last  a  surprisingly long time.  All this suggests  the  necessity for  reducing the 
handling to the minimum, and allowing a period of rest after collection in order 
to get rid of the effects of pulling the clumps apart. 
The first step in our work was the separation of  the cells  (immediately after 
collection); this produces a slight softening Of most of the cells, and subsequently 
about 10 per cent die.  Fortunately it is possible in Bermuda to get ceils free from 
sponges and algae, so that the problem of cleaning is not troublesome. 
TABLE  I 
A 
B 
~Large 
C ~Small 
K 
M 
0.4902 
0.4897 
0.4986 
0.5004 
0.4743 
0.5111 
Average 
0.4900 
0.4995 
0.4927 
Difference 
per cent 
0.1 
0.4 
7.8 
Na 
0.1289 
0.1296 
0.1210 
0.1200 
0.1378 
0.1138 
Average 
0.1293 
0.1205 
0.1258 
Difference 
~er cent 
0.6 
0.8 
22.0 
After separation the cells were stored out of doors (not in direct sunlight) in 3- 
gallon glass  bottles.  At intervals the  sea  water  was  changed,  the  cells  being 
disturbed as little as possible during this operation.  The sea water was changed 
daily during the first few days after collection, in order to avoid undue contamina- 
tion by potassium-rich sap from injured cells,  and dead cells  were removed as 
discovered.  Subsequently the change was made every 3  to 5  days.  The ceils 
were stored under these conditions for at least a  month (in some experiments 
much longer). 
The object of this seasoning process was to produce a uniform group of cells. 
This point was tested in the following way.  Cells which had been collected and 
treated as described above', were divided into 3 groups of the approximate ranges, 
0.75-0.6 cc.,  0.6-0.4 cc.,  and 0.4-0.2  cc.  Three selections, A,  B,  and C,  were 
then made, each containing 5 of the large, 15 of the medium, and 20 of the small 
cells.  Selections A and B were then extracted:  each yielded about 12 cc. of sap, 
5 Blinks, L. R., J. Gen. P@siol., 1929-30,  13,361,495. A.  G.  JACQUES  AND  W.  J.  V.  0STERHOUT  303 
enough for analysis in duplicate for K  and Na in each sample.  Selection C was 
divided into two parts, the one containing enough large and medium ceils for a 
single determination of K  and Na, and the other comprising the remainder (small 
cells).  The results are given in Table I  (which shows that with lots A  and B  the 
difference between duplicate analyses was less than 1 per cent but that the differ- 
ence between large and small cells is much greater, indicating that the K  +  Na 
ratio is higher in small cells, i.e.,  K  -  Na is 3.44 for large and 4.49 for small cells, 
as would theoretically be expected  1 if the small ceils, being younger, are in a more 
active state).  It therefore seemed  best to use for each experiment a  typical lot 
of cells, i.e.,  a lot graded as to size in definite manner, arbitrarily called typical so 
that any typical lot will be comparable with any other. 
b~  b  ]5 
a.End ~'t~t~ons  lyln~ in 
b .gilddle ~t~tlons 
FIo. 1.  Tube containing cells exposed to a solution constantly flowing through 
the tube from the reservoir A.  The cells lie in a glass trough with perforated end 
walls (a) and perforated partitions (b). 
In each experiment two typical  lots of cells, alike in number  and size,  were 
exposed under  exactly similar conditions  to  (a)  sea  water,  and  (b)  sea  water 
containing a  small concentration of NI-I4C1.  A  certain number  of cells in each 
group were selected for determination of volume, since it is not desirable to subject 
all the cells to the handling necessary for such measurements.  At intervals cells 
were withdrawn from each group and the following determinations were made: 
K, Na, NI-Ia +  NH4, total halide, and pH value.  At the same time the changes in 
volume  were  measured.  The  total  length  of  exposure  was  usually  30  days. 
The concentration of the NI-I4C1 in the sea water ranged  from 0.0025  to 0.001 ~r. 
The  work  was  carried out  in  Bermuda  during  the  spring  of  1930.  During 
the  period  the  lowest  temperature  recorded was  16°C.  and  the highest 26°C., 
the  average  temperature  was  21°C.  The  procedure and  results  for  a  typical 
experiment are described in detail below. 
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sisfing of a typical lot, to be used for volume measurement, and the second con- 
taining the remainder (also a typical lot).  The cells were placed in a pyrex glass 
trough,  which  was  essentially a  half  glass  tube of  about  1  inch radius.  This 
trough was blocked at both ends with paraffin wax partitions, perforated to allow 
the sea water, but not the cells,  to pass through, with two similar partitions (b 
and b~, Fig. 1) cutting off a portion of the trough near the center.  In this portion 
the volume control cells were exposed,  while the other cells occupied the portions 
on  either  side.  This  arrangement was  designed  to  give  the  volume cells  an 
exposure similar to the average exposure of the other cells.  The trough, 34 inches 
long, was  placed in a  pyrex  tube of  2½  inches diameter, 36  inches long.  The 
tube was fitted with one-hole rubber stoppers, through one of which was thrust a 
tube drawn down to a  capillary at the end and connected by rubber and glass 
& 
b, 
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FIG.  2.  Apparatus for determining the volume  of  living cells  (explanation in 
text). 
tubing to a  reservoir of sea water plus NH4C1, and a  flow of fresh solution was 
maintained through the tube as long as the experiment lasted.  The other rubber 
stopper carried a short syphon tube to serve as a drain (Fig.  1).  As a control an 
exactly similar selection of cells was exposed  to sea water in another apparatus, 
under the  same conditions, without  the  addition of  NH4C1.  Both  tubes were 
placed side by side out of doors  (but not in direct sunlight) and fed with fresh 
solution at the rate of about 20 drops per minute, a rate sufficiently  rapid to prevent 
serious  changes  in  concentration  but  not  great  enough  to  disturb  the  cells 
mechanically. 
At the start of the experiment a typical lot of 100 cells, was taken and after a 
rapid rinse in distilled water, the cells were dried by rolling on filter paper, and the 
sap was extracted by piercing the cellulose wall with a  fine glass  capillary and 
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K, Na,  NH3  Jr  NH4,  total halide and pH  value.  This set of determinations, 
called hereafter the initial values, serves as the reference point to which all sub- 
sequent determinations are referred. 
The initial volumes of the two typical lots of cells were next determined in the 
apparatus shown in Fig. 2.  The volume tube was a  U-tube with one wide arm 
and a  capillary arm of about  1.5 ram.  radius.  A  stopcock at  the bottom was 
added for convenience in calibrating and cleaning the apparatus.  The apparatus 
was held by a  ring stand clamped to a  solid table--and readings were  made by 
means of  a  1-meter brass  scale  cathetometer,  reading to  0.005  cm.  (made by 
Gaertner).  This also was fixed in position. 
In making a determination, the volume apparatus was first partially filled with 
sea  water  and inserted in its  clamps.  All the  volume cells  for  the  particular 
determination on hand were then poured out on nichrome gauze,  allowed to drain 
for a moment, and then transferred one at a time to several layers of filter paper 
where they were allowed to drain for from 30 to 60 seconds.  During this time the 
level of the meniscus in the capillary arm of the U-tube was read, and the distance 
between two marks "a"  as a  check of the mechanical operation of the cathetom- 
eter.  Finally the cross hairs were set on one of the "a"  reference marks.  The 
cells were then dropped in the wide arm of the U-tube, one at a time.  When all 
the cells had been added we first ascertained that the level of the apparatus had 
not changed (by noting that  the cross  hairs were still on the reference mark), 
and determined the change in level in the wide tube by observing the distance 
that the meniscus had risen in the capillary arm.  There was of course a capillary 
effect but as both the wide and capillary arms of the U-tube had been selected for 
uniformity it is reasonable to assume that this would be the same for all readings. 
To make it possible  to transform the cathetometer readings to cubic centimeters 
the tube was calibrated by weighing the distilled water corresponding to changes 
in the meniscus level for several intervals. 
In measuring the volume of the cells the errors involved are, the error of setting 
the cathetometer, error due to difficulty in determining the bottom point of the 
meniscus, error due to lack of uniformity in the cross sections of the arms of the 
U-tubes, and the error due to incomplete drainage of the cells.  The first of these 
errors can be practically eliminated by carefully levelling the telescope at each 
reading.  The second was made negligible by reading the meniscus in the narrow 
arm where its width is so small that the lowest point can be located with ease. 
The third error was made small by using in the construction of  the apparatus 
tubes which had been gauged for  uniformity.  The last error is  the most im- 
portant.  It is not desirable to wipe the cells dry with cloth or filter paper, since 
this procedure has been found to result in the death of a fairly large proportion of 
them.  We have, therefore, to depend on drainage on filter paper to dry them. 
We have estimated the total error to be expected from all the causes above by 
making three complete measurements of the same group, wetting them thoroughly 
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an average of 6.025, a maximum deviation from the mean of 0.42 per cent and an 
average deviation from the mean of 0.17 per cent.  These deviations are negligible 
compared with the deviations of the analyses due to lack of  uniformity of  the 
ceils. 
During the  course of  a  volume measurement, a  cell  occasionally died.  We 
allowed  for this by measuring the volume of the dead cell at the time of  death, 
and the volume of all the cells,  and in subsequent measurements we added the 
former to  the found volume of the remaining cells.  It is clear that when this 
procedure becomes necessary, the measured volume plus the correction for  any 
subsequent point in a run will be too small by an amount equal to growth which 
the dead cell would have experienced from the time of death until the time of the 
measurement in question, had it not died.  No doubt a correction to the correction 
could have  been estimated,  based on the  growth  of  the  whole  group  for  any 
period.  But the  advisability of  attempting this  in view of  the  magnitude of 
other  errors  in the work seemed questionable.  In the  detailed experiment, in 
fact no volume cells were lost so that e~rror from this cause does not enter.  It is 
estimated that it did not in any case exceed 0.5 per cent. 
The analyses for K  and Na were made in the following manner: The sap was 
centrifugalized  in covered tubes for 20 minutes to remove chloroplasts and as much 
as possible of the jelly-like clots which are always present in the expressed sap. 
Two 5-cc. samples were then taken and evaporated to dryness on the water bath, 
dried in the oven and finally ignited at 300  °  to 350°C.  to remove all traces of 
carbon, and in the case of the ammonia group the NHaC1 also.  The residue was 
weighed and the assumption was made that it was a mixture of NaCI and KC1 
only.  Occasionally a  sample of sap was found to have a  trace of S04 on testing 
with acidified BaCh, and at one time our procedure involved the removal of this 
and of any possible traces of Mg and Ca before evaporation.  A comparison of the 
results obtained after  removal with  those  obtained without removal suggested 
that this extra labor was not worth while. 
The K  was  determined as  KC104  in the usual way,  and the Na was  calcu- 
lated by difference from the weights of the total chlorides and the weight of KC1 
corresponding to the weight of K-perchlorate found. 
A determination of the accuracy of our method of analysis made on a known 
mixture of K-, Na- and NH4-chlorides  resembling sap of cells after exposure,  gave 
the following results: 
Per cen~ 
Found  A ctgcd  deviation 
K ..................................  O. 5013  O. 5000  O. 26 
Na .................................  0. 0982  0.1000  1.8 
These  results were  obtained at  the  outset  of  the  work  when the  analytical 
procedures were unfamiliar, and subsequent results are doubtless better.  Never- 
theless, since we could use conveniently only 5  cc.  of  sap for each analysis the 
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with necessity  for making  the weighing of the combined  salts  very rapidly,  in 
order to prevent the absorption  of weighable amounts of water in the very moist 
atmosphere  of Bermuda,  throws  a  considerable burden on the accuracy of the 
Na analysis. 
The halide was determined  by Mohr titration with AgNO3, on a duplicate pair 
of 1-cc. samples. 
The pH value was determined in a single 1-cc. sample as a rule, but occasionally 
the sap  of a  single cell was compared  against  a like volume of  buffer  solution. 
Chlorophenol red was the indicator used. 
A single analysis for ammonia was made on the sap of the cells before exposure. 
It was found that the amount present was less than could be determined  saris- 
factorily by our usual method.  A trial later on other unexposed cells, using the 
much more delicate Nessler's reagent, indicated that there is less than 0.0005 tools 
per liter normally present in cells which have been stored in changes of sea water 
obtained far enough from land to be free of contamination. 
The usual method of determining ammonia was distillation of the free ammonia 
into a known amount of standard acid, and determination  of the amount used up 
by titration of the unused acid with standard CO2-free alkali using methyl red as 
indicator.  An estimation of the accuracy of the method in our hands was made by 
determining  ammonia on a known  sample containing 0.0500 tool  of  ammonium 
chloride per liter.  The results are: 
Per cent 
Found  Aaual  deviation 
Nt~  ...............................  0.0500  0.0510  2.0 
(Duplicate  1-cc. samples were used for ammonia determination.) 
Tables II and III and Fig. 3  show the results of an experiment in 
which sufficient 0.6 ~r NH4C1 was added to bring the concentration of 
NH4C1 in the sea water up to 0.001 ~. 
If we suppose, as stated elsewhere) that KOI-I  enters, 6 and assume, 
for convenience, that the activity coefficients equal unity  7 we may say 
as an approximation that equilibrium will be reached when (Ko)(OHo) 
=  (K~)(OH~),  where  the  subscripts  i  and  o  refer  to  the  activities 
(concentrations) inside and outside.  Under normal conditions (when 
the pH value of the sea water is 8  and that of the sap 5.9)  we have 
(Ko)(OHo)  =  (10-2)(10 -6)  =  10 -8.  In order to produce equilibrium 
e Cf. Osterhout,  W. J. V., J. Gen. Physiol.,  1929-30, 13, 261. 
7 This  makes  practically  no  change  in  the present  case  where  only  relative 
activities and concentrations  are considered, i.e.,  where different activities or con- 
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we should have to raise the pH value of the sap to 6.3  (so that  (K~) 
(OHm)  -  (10-6.3)(10 -7.7)  =  10-s).  In other  words,  if we  raise  the 
pH value of the sap above 6.3 we should expect K  to come out because 
the  thermodynamic  potential  inside,  which  is  proportional  to  (K~) 
(OH,), would be greater than outside. 
Fig. 3 shows that K  comes out and Table II shows that the pH value 
of  the  sap  has  risen  2 as  the  result  of  penetration  of  NHa  to  about 
6.3,  but  this  value  is  probably  too  low  as  previous  determinations 2 
gave 6.6.  It may be  said  that  the  determinations  of pH  value  are 
TABLE III 
Gram Mols in Sap 
Gram mols (10 z)  =  concentration X  volume in cc. 
Days  Control  Ammonia group 
K 
0  2.683 
2  2.733 
5  2.770 
7  2.818 
10  2.782 
15  2.780 
20  2.797 
30  2.806 
Na  Hafide 
0.7293  ]  3.320 
0.7108  I  3.382 
0.7422  I'  3.430 
0.7407  I  3.490 
0.7161  3.488 
0.7197  3.507 
0.7117  3.497 
0.7430  -- 
Corrected 
volumes 
5.450 
5.599 
5.743 
5.907 
6.036 
6.167 
6.275 
6.327 
K  Na  ¢H 
2.683  0.7293  0. 
2.640  0.7530  0. 
2.617  0.8430  0. 
2.555  0.8750  0. 
2.510  0.9360  0. 
2.448  0.9750  0. 
2.305  0.9218  0. 
2.260  0.9472  0. 
,+  NB 
00273 
09294 
17057 
23050 
35630 
49400 
70220 
79220 
Halide 
3.320 
3.456 
3.550 
3.656 
3.720 
3.828 
3.891 
not  very  accurate  owing  to  the  high  concentration  of  salt  and  the 
fact that the sap is practically unbuffered. 
Let  us  now  consider  the  behavior  of  Na.  The  external  ionic 
product  is  (Nao)(OHo)  =  (10-°'3)(10 -6)  =  10 -6.3  which  is  greater 
than  the  internal  or  (Na~)(OH~)  -  (10-°'87)(10 -7'7)  =  10 -s'57 even 
when the pH value of the sap is 6.3 (i.e., when OH~ =  10-7"7).  Hence 
we should expect Na to go in.  As a matter of fact Na does continue to 
penetrate and at a greater rate than before. 8  This might be attributed 
to injury but as a matter of fact these cells lived indefinitely and grew 
better than cells not exposed to ammonia and microscopic examination 
8 It happens that these controls show very slight gain in tools of Na in 30 days 
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showed nothing abnormal.  It might, however, be thought that a  few 
iniured  cells  which  allowed Na  to  enter  and  K  to  come out  were 
responsible  for  the  result.  This  seems  improbable  in  view  of  the 
@  iil " 
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Fio. 3.  Graphs showing the change in mols of K, Na, NH3 +  NH4, and halide 
in a typical lot of cells in sea water (control) and in an equivalent lot of cells in 
sea water containing 0.001 ~  NH4C1 (the scales of ordinates for each substance are 
the same but are displaced vertically to bring the curves into one figure).  The 
lowest curve is drawn with the results of other experiments in mind. 
The data represent a  single typical experiment, using about 50 cells for each 
determination. 
fact that if there were enough injured cells to produce this result a 
much greater mortality would be expected than was  actually found 
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not above the  normal.  It may be added that  similar  results  have 
been gotten repeatedly in other experiments which would imply the 
same degree of injury in all cells exposed to  ammonia  (if the  result 
were attributed  to injury). 
The rate of penetration of Na would tend to rise above the normal 
due to the  dilution  of electrolytes inside  caused by the entrance  of 
water  (which is more rapid  than  normal  as shown by the increased 
rate of growth) but on the other hand the rise in the pH value of the 
sap would tend to depress the rate since it would decrease the driving 
force  (which  is  proportional  to  the  difference between the  external 
and internal thermodynamic potential). 
The increased rate of entrance of Na may be due to an increase in 
permeability caused by NH3 and this would harmonize with the fact 
that  the  exit  of K  is  more  rapid  than  would be  expected from  its 
normal rate of penetration.  We note that (0.002806  -  0.002683  =) 
0.000123 mol of K  entered the controls but in the  same  period  the 
exit of K  from the cells exposed to ammonia amounted to (0.002683- 
0.002260  =)  0.000423  or more than  3  times as much.  Before  con- 
cluding that this is due to increase in permeability we must consider 
the ionic products.  If we neglect the effect of the cell wall (as seems 
justified in the case of Valonia  macrophysa  under normal conditions, 
on account of the great elasticity of the wall) we may put, 1 as stated 
elsewhere, 
QKOH 
-PKoH  ~- -- 
PKOH  st 
where P~OH is the permeability  9 to KOH, Q is the amount passing in 
during the time t, and s is surface.  For the entrance of K  during 30 
days the value of Q is 0.000123 tool, and  for  comparative  purposes 
we may put s  =  1 and t  =  1.  The value lo of p is taken as (Ko) (OHo) 
-  (K,)(OH,)  =  (10-2)(10  -e)  -  (10-°3)(10  -8"I)  =  6  (10-9).  We 
then have 
0.000123 
PKOH =  6(10_9)  20500 
9 I.e.,  the amount passing through the protoplasm  in unit time, through unit 
surface with unit value of p (i.e., when (Ko) (OHo) -  (Ki) (OHi) =  1). 
10 This is an approximation, since strictly speaking we should employ activities, 
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In the same way for the exit of K, when the pH value of the sap is 
taken as 6.6 and the concentration of K  in the sap is given for con- 
venience an average value for the whole period of 0.43 •,  the value of 
PKOH is (K,) (OH,)  -  (Ko) (OHo)  -  (10 -°'37) (10-7.4)  _  (10-2) (10- 8)  ___ 
0.7 (10-8).  Hence for the exit of K  we have (neglecting any difference 
in s) 
0.000423 
PKOH =  --  -- 60429  0.7(10  ~) 
According to this the permeability during the exit  u  exceeds the per- 
meability  during  the  entrance  by  (60429  +  20500)  =  2.9  times. 
These  figures  indicate  a  decided  increase  in  permeability  but  their 
quantitative  significance  is  not  very great  as  some  of  the  data  are 
uncertain  12  and,  moreover,  a  part  of  the  increase  might  be  due  to 
enlargement of the surface. 
It might be suggested that the rapid exit of K  is due to an exchange 
of K +  for NH4  +  but if the  entrance  of NI-I4  + depended on such  ex- 
change we should not find  the  rate  of  entrance  increasing  with  the 
external pH value  1~ as is  actually observed.  ~  We note also that  the 
amount of ammonia entering is considerably less than the amount of 
K  coming out:  for example, in the first two days  0.0208  tool  of K 
has come out and only 0.0161 tool of NH4 has gone in. 
An exchange of K + for Na + might be assumed but this would not 
be a rapid process. 
Moreover the internal pH value would not rise (as it is seen to do) 
if only NH4  and  not NHs  or NH4OH went  in;  nor would  the  total 
halide increase. 
It may be of interest to calculate permeability to NaOH going in 
n It must be remembered that  the entering K  would  be increasing  osmotic 
pressure  (e.g.,  by transforming a  weak organic  acid  in the cell to its salt)  with 
consequent opposition due to stretching the cell wall:  the exit would not encounter 
this opposition which, however, in the present case seems to be negligible. 
In the case of Na the data for the control are too uncertain to make a  calcula- 
tion worth while. 
13 It might be argued that the increase in external pH value would increase the 
negativity of the protoplasmic  surface  and thus favor  the exchange  of cations, 
but this would be counterbalanced by the falling off in the number of NH4 ions. A.  G.  JACQUES  AND  W.  J.  V.  OSTERHOUT  313 
as compared with  that  to KOH coming out.  We have  (taking  the 
figures for 7 days and using average values for K~ and Na~ during this 
period) 
PKOH  QKOH outward  +  PKOH outward 
PNa0It  QNa0H inward  +  PNa0H inward 
0.000128 +  [(0.463) (10-'.')  -- (10  -2) (10-0)] 
--" 0.0001457  +  [(0.5)  (10-') -- (0.141)  (10-7.4)] 
=  51.7 
This  is  much  less  than  the  value  of  331  calculated  elsewhere  for 
normal  conditions  1  when both KOH and NaOH are entering. 
Under normal conditions we cannot calculate permeability to KC1 
since the internal ionic product is greater than the external but in this 
case  if  we  suppose  KC1  to  pass  out  we  can  compare  the  value  of 
PKCl going out with PNaCl coming in.  We have 
PKC1  QKCl outward  -~ PKC1 outward 
PNaC1  QNaC1  inward :-" PNaCI inward 
0.000128 +  [(0.463)  (0.618)  --  (0.01)  (0.58)] 
0.0001457 + [(0.5) (0.58) -- (0.141) (0.618)] 
-- 0.64 
This  has  not  much  quantitative  significance  since  it  involves  the 
assumption that the per cent of Na moving in as NaC1 is the same as 
the per cent of K  moving out as KC1. 
A  similar  calculation  for  the  figures  at  the  end  of 30  days  gives 
PKCl +  PNaCl =  1.5.  Hence if the  calculations mean anything they 
signify that  in  the  experiments  with  ammonia  permeability  to  KC1 
is about the same as to NaC1. 
In considering the increase in permeability due to the presence of 
ammonia  we  may  recall  Loeb's  14  suggestion  that  the  protoplasmic 
surface may resemble a  soap whose viscosity depends on the  cation 
(thus NH4 makes a softer soap than K, also K  a  softer soap than Na, 
and Na a softer soap than Ca). 
It is also possible that the presence of one substance in the surface 
layer of the protoplasm may affect the solubility of other substances. 
14 Loeb, J., The dynamics of living matter, The Macmillan Co., New York, 1906. 314  ACCUMULATION  OF  ELECTROLYTES.  III 
It may be desirable to add a word regarding the increased growth in 
the  presence  of  ammonia. 2  Theoretically  this  would  be  expected  1 
if we suppose that NH3 or NH4OH on entering combines with a weak 
organic acid HA changing it to NH, +  A- and so increasing osmotic 
pressure.  This would also happen with the entrance of KOH under 
normal conditions (in absence of ammonia) but much more slowly for 
it is evident that  the entrance  of KOH is much slower than  that  of 
ammonia. 
It  is  also possible that  ammonia  aids  growth in  other  ways, e.g., 
by increasing the production of acid in the cell or of substances which 
promote the expansion of th  e cell wall or increase permeability. 
In view of the more rapid increase of osmotic pressure due to the 
entrance of ammonia it would not be surprising if the cell wall failed 
to  stretch  rapidly  enough  to  keep  up  so that  the  total  electrolyte 
inside would increase.  This seems to happen  2 as shown in Table II. 
The  fact that  the  pH value does not rise beyond a  certain  point 
(cf. Irwin, 15 Brooks  16) may be due to the production of acid on the part 
of the cell and this might possibly take place in a  regulatory manner. 
As stated elsewhere  1 we assume that there is an exchange of HA for 
HC1 (or of A- for CI-) of the sea water so that there is an accumulation 
of NH4CI:  this would aid in keeping down the pH value as it is in 
effect the exchange of a weak for a strong acid. 
SUMMARY 
When  0.001  M NH4C1 is  added  to  sea  water  containing  Valonia 
macrophysa  there  seems to  be a  rapid  penetration  of undissociated 
NH3  (or NH4OH) which raises the pH value of the sap so that  the 
thermodynamic potential of KOH becomes greater inside than outside 
and  in  consequence  K  leaves  the  cell:  NaOH  continues  to  go  in 
because its  thermodynamic  potential  is  greater  outside than  inside. 
NH4C1 accumulates,  reaching  a  much higher  concentration  inside 
than  outside.  This  might  be  explained  on  the  ground  that  NH3, 
after entering, combines with a weak organic acid produced in the cell 
whose  anion  is  exchanged  for  the  C1-  of  the  sea  water,  or  (more 
probably) the organic acid is exchanged for HCI. 
~ Irwin, M., J. Gen. Physiol.,  1925-26, 9, 235. 
16 Brooks, M. M., Pub. Health Reports, Washington, D. C., 1923, 38~ 2074. 